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Introduction {#sec005}
============

Cardiopulmonary Resuscitation (CPR) was introduced to clinical practice in the 1960's \[[@pone.0227971.ref001]\] and became a default treatment for patients with cardiac arrest regardless of their underlying injury or disease.\[[@pone.0227971.ref002]\] Since that time, however, it has become clear that CPR does not necessarily benefit patients who are terminally ill.\[[@pone.0227971.ref003]--[@pone.0227971.ref005]\] Do-Not-Resuscitate (DNR) orders are an alternative for patients at the end of life,\[[@pone.0227971.ref003]\] to prevent receipt of nonbeneficial procedures (e.g. CPR) and unnecessary suffering when patients are imminently dying.\[[@pone.0227971.ref006], [@pone.0227971.ref007]\]

In recent decades, the number of Americans who spend part of their last month of life in the Intensive Care Unit (ICU) has increased to near 30%. Over this same period, the use of DNR orders has increased, \[[@pone.0227971.ref008]--[@pone.0227971.ref011]\] however most DNR orders are placed very close to the time of death, with a high percentage of DNR orders placed within 24 hours of death.\[[@pone.0227971.ref011]--[@pone.0227971.ref013]\]

Little is known about the relationship between the timing of DNR orders and patients' quality of death. Results from our recently published report on nurse perception of suffering at the end of life in the ICU did not demonstrate an association between DNR status and quality of death, but did not distinguish early from late DNR.\[[@pone.0227971.ref014]\] Few studies have examined the timing of DNR orders and its association with mortality, length of stay, interventions, and cost. \[[@pone.0227971.ref015]--[@pone.0227971.ref018]\] To our knowledge, no previous studies have reported associations between DNR timing and patient-centered outcomes, such as physical or emotional distress, peacefulness, suffering or loss of dignity.

In the present study, we hypothesized that compared to late DNR (orders placed after the first 48 hours of ICU admission), early DNR (orders placed prior to or within the first 48 hours of ICU admission) would be associated with higher quality of death in the ICU; including less nurse-perceived physical distress, psychological distress, suffering and loss of dignity.

Materials and methods {#sec006}
=====================

Weill Cornell Medicine (WCM) Institutional Review Board (IRB) approved this clinical observational trial (IRB 1504016102). IRB approval was obtained from all participating study sites. A full waiver for consent from deceased patients was approved by IRB at New York Presbyterian Hospital/Weill Cornell Medicine (NYP/WCM) and Brigham and Women's Hospital (BWH). Written informed consent was obtained from all nurses participated in the study. All study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was discussed regularly between the study principal investigator and co-investigators and reviewed by IRB at least once a year to ensure the protocol was rigorously followed.

Study design {#sec007}
------------

From September 2015 to March 2017, data were collected from nurses to assess the quality of life of 200 patients who died in the Medical ICU (MICU) or Cardiac Care Unit (CCU) of NYP/WCM in Manhattan or the Surgical ICU (SICU) at BWH in Boston. Nurses' evaluations of the quality of life in the patient's last week were assessed. Data from the patients' medical charts were abstracted to confirm clinical information about patients, medical care received and timing of DNR orders.

Each week, trained study staff screened consecutive patients who died in the MICU and CCU at New York Presbyterian Hospital/Weill Cornell Medicine (n = 358), or in the SICU at Brigham and Women's Hospital (n = 64) to identify a nurse who cared for the decedents for at least one 12-hour shift in their last week of life. After obtaining their informed consent, nurses were interviewed individually and in person. Nurse participation occurring outside of work hours was compensated with a \$20 gift card per person. Nurses were selected to be the primary assessors of patients' experiences just prior to death because several studies have demonstrated that nurses provide accurate assessments of patients' experience at the end of life, and can accurately predict in-hospital outcomes, particularly when compared to physicians and family members \[[@pone.0227971.ref019]--[@pone.0227971.ref023]\].

Data collection {#sec008}
---------------

Ninety-eight percent of the nurses approached (100/102) agreed to participate in the study, and 83% (83/100) were selected for data analysis based on the number of shifts, the time between their shifts and patients' death, and presence at patients' death. For some patients, multiple nurses who cared for them were interviewed. And in these cases, we selected the nurses with the most shifts caring for the patient in the last week of life. A variable that captured the time between nurses' last shift and patients' death was used to determine the nurses for analysis if more than one nurse had the same number of shifts; In that case, we selected the nurse whose shift was closest to the time of the patient's death. Nurses who were present at the patient's death were prioritized and selected in this way. Each patient was cared by the interviewed nurse for 2.41 shifts (standard deviation = 1.04), 65 patients had interviewed nurses who were present at their death, and 37 patients had unknown information on if the interviewed nurses were present at the patient's death).

The most common reason that otherwise eligible patients were excluded was due to nurse scheduling conflicts; 70 patients were excluded because they were in the ICU for less than 24 hours and did not have a nurse who took care of them for an entire shift. Trained staff conducted structured clinical interviews with the nurse within three weeks of the patient's death.

Patient demographics, diagnoses, care received, and DNR status were abstracted from medical charts. Orders, admission notes, resuscitation records and death notes were reviewed and checked by trained staff to obtain accurate time and date of ICU admission, DNR placement, and death. Use of life-sustaining therapies, including mechanical ventilation, renal replacement therapy, feeding tubes, and vasopressors was also documented from the medical charts.

Measures {#sec009}
--------

All of the measures below have been validated in prior published work.\[[@pone.0227971.ref014]\]

### DNR order status {#sec010}

The information about DNR orders was collected via inpatient electronic medical record systems. Date and time of each DNR was documented if multiple orders were placed. The person who agreed to sign the DNR and his/her relationship to patient was documented in medical notes. Patients who had a DNR order placed prior to or during the first 48 hours of ICU admission, as documented in the patient's medical chart, were coded as 'Early DNR'. Patients who had a DNR order written after 48 hours of ICU admission were coded as 'Late DNR'. Those who died without a DNR order in place were coded as 'No DNR'.

### Medical care in the last week of life {#sec011}

Use of invasive therapies including chemotherapy, vasopressors, dialysis, mechanical ventilation, feeding tubes, cardiac resuscitation, and surgery were abstracted from the medical chart together with other information such as comorbidities, date/time and cause of death. Data were entered into safe, and secure online database. The decision to withdraw life- support was also documented.

### Patient symptoms {#sec012}

Nurses evaluated common ICU patient symptoms that may have contributed to suffering. These symptoms included trouble breathing, edema, physical pain, painful broken skin, thirst, nausea or vomiting, fecal incontinence, constipation or diarrhea, urinary incontinence, loss of control of limbs, fever or chills, fatigue and difficulty sleeping.

### Perceptions of patient quality of life and suffering {#sec013}

Measures of the patient experience in the last week of life were developed based on prior literature and discussions with ICU physicians, nurses, and end-of-life specialists and validated in a prior study.\[[@pone.0227971.ref014]\]

During structured interviews, nurses were asked to rate items on a scale from 1 to 10, where 1 was defined as best possible and 10 was defined as worst possible and the items included the decedents' physical and psychological distress, appearing at peace, having the worst possible death, suffering and loss of dignity. The assessment was based on the previously validated questions on patient quality of life in the last week of life.\[[@pone.0227971.ref019]\] Scores of 8 or higher on this scale were distinguished from lower scores to represent patients with severe symptoms. The suffering and loss of dignity measures were associated with previously validated measures of psychological distress, physical distress, and overall quality of death, and peacefulness at the end of life, \[[@pone.0227971.ref024]--[@pone.0227971.ref027]\] with results demonstrated highly significant associations (all p \< 0.001).

Data analysis {#sec014}
=============

Means and percentages were used to summarize patient characteristics for the total analytic sample and by DNR status. Analysis of variance (ANOVA) or its non-parametric counterpart Kruskal-Wallis test was employed to compare patient characteristics represented by continuous variables, depending on whether the assumption of normal distribution was satisfied. Chi-square tests were used for categorical variables respectively, to test marginal associations between patient characteristics and DNR status. Items with significantly small p-values (\<0.05) indicating imbalanced distribution among 3 DNR groups: early, late and no DNR) were considered as possible confounders including age, gender, length of ICU stay and Charlson Comorbidity Index (CCI) and these were adjusted for in the following analyses. Three sets of logistic regression models were then estimated: 1) invasive procedures were regressed on patients' DNR status adjusting for identified possible confounders; 2) nurse-evaluated patient quality of death was regressed on DNR status adjusting for age, gender, race, and length of ICU stay; and 3) nurse-evaluated patient quality of death outcomes were regressed on DNR status, adjusting for same set of confounders, or adjusting for these same confounders and a sum of significant non-beneficial procedures detected above. A p-value of 0.05 was used in all analyses as the threshold for determining statistical significance. R version 3.5.1 was used to perform all statistical analyses.

Results {#sec015}
=======

Of the 200 assessed decedent patients, 30 (15%) died in the SICU, 25 (12.5%) in the CCU, and 145 (72.5%) in the MICU. 59 patients (29.5%) had a DNR placed within 48 hours of ICU admission (early DNR), 110 (55%) had DNR orders placed after 48 hours of ICU admission (late DNR), and 31 (15.5%) had no DNR order in place.

Most patients were 65 years or older at the time of ICU admission (Median M = 66.9 years; SD = 15.2), male (61.0%), and white (63.5%). Most patients received life-sustaining medical interventions during their ICU stay, the most common were vasopressors (86.5%) and mechanical ventilation (81.5%). DNR orders were placed for 34 patients (17%) after having a cardiac arrest and receiving CPR and 44 patients (22%) received CPR within 48 hours of death.

Patients of different DNR groups varied by age (p\<0.001), Charlson Comorbidity Index (CCI) scores (p = 0.025), gender (p = 0.031) and length of ICU stay (p\<0.001). The mean age of early DNR patients (M = 73.3) was higher than that of late (M = 66.1) or no DNR (M = 57.5) patients, and their mean CCI score (M = 5.76) greater than late (M = 5.65) or no DNR (M = 4.35) patients, suggesting that older patients, and those with more comorbidities tend to have DNR orders placed early. Although when comparing the difference in decision makers by early, late and no DNR order groups, the p value did not achieve a level of statistical significance p = (0.053), there was a trend suggesting differences in timing of DNR placement by decision-maker. Specifically examining the relationship between decision-maker and each time period we found that DNR orders were more likely to be placed early when decided by patients themselves (Odds Ratio or OR = 2.9, p = 0.039) and were less likely if the spouse made the decision (p\<0.01). ([Table 1](#pone.0227971.t001){ref-type="table"})

10.1371/journal.pone.0227971.t001

###### Patient characteristics and their associations with patients' DNR order status (N = 200).

![](pone.0227971.t001){#pone.0227971.t001g}

                                                             DNR Order Status                                                         
  ---------------------------- --------------------- ------- ------------------ ------- --------- ------- --------- ------- --------- ----------------------------------------------
  Variable                                           mean    SD                 mean    SD        mean    SD        mean    SD        p
  Age (years)                                        66.9    15.2               73.3    13        66.1    14.2      57.5    17.1      \<0.001
  Charlson Comorbidity Index                         5.48    2.54               5.76    2.15      5.65    2.59      4.35    2.81      0.025
  **Variable**                                       **n**   **%**              **n**   **%**     **n**   **%**     **n**   **%**     **p**
  Sex                                                                                                                                 0.031
                               Male                  122     61.0%              28      47.5%     75      68.2%     19      61.3%     
                               Female                78      39.0%              31      52.5%     35      31.8%     12      38.7%     
  Race                                                                                                                                0.052
                               White                 127     63.5%              43      72.9%     69      62.7%     15      48.4%     
                               Non-White             68      34.0%              15      25.4%     37      33.6%     16      51.6%     
  DNR by                                                                                                                              0.053
                               Spouse                67      39.6%              17      28.8%     50      45.5%     \--     \--       
                               Family                67      39.6%              24      40.7%     43      39.1%     \--     \--       
                               Non-Family            16      9.5%               7       11.9%     9       8.2%      \--     \--       
                               Patient               19      11.2%              11      18.6%     8       7.3%      \--     \--       
  Diagnosis                                                                                                                           0.175
                               Respiratory Failure   63      31.5%              16      27.1%     36      32.7%     11      35.5%     
                               Cardiac arrest        23      11.5%              9       15.3%     8       7.3%      6       19.4%     
                               Sepsis/Septic Shock   26      13.0%              9       15.3%     14      12.7%     3       9.7%      
                               Hemorrhage            21      10.5%              8       13.6%     8       7.3%      5       16.1%     
                               Other                 67      33.5%              17      28.8%     44      40.0%     6       19.4%     
  **Variable**                                       **M**   **IQR**            **M**   **IQR**   **M**   **IQR**   **M**   **IQR**   **p**
  Days in ICU                                        7       8.25               3       3         9       10        5       7         \<0.001[\*](#t001fn002){ref-type="table-fn"}

**Notes:** M = Median; IQR = Inter Quantile Range; SD = Standard Deviation

\*p-value of Kruskal-Wallis test.

After adjusting for possible confounders, patients with an early DNR order in place, compared to those with no DNR, were significantly less likely to receive certain medical interventions during their ICU stay, including dialysis (Adjusted Odds Raito namely AOR = 0.22; \[CI = 0.07--0.69\]); mechanical ventilation (AOR = 0.16; \[CI = 0.03--0.8\]); feeding tube (AOR = 0.33; \[CI = 0.11--0.96\]); cardiac resuscitation (AOR = 0.05; \[CI = 0.01--0.2\]). No differences were detected between those with a late DNR or no DNR except for cardiac resuscitation (AOR = 0.04; \[CI = 0.01--0.12\]) and withdraw life support between (AOR = 3.98; \[CI = 1.09--14.57\]). ([Table 2](#pone.0227971.t002){ref-type="table"})

10.1371/journal.pone.0227971.t002

###### Patient care in the last week of life and its associations with patients' DNR order status (N = 200).

![](pone.0227971.t002){#pone.0227971.t002g}

                                 DNR Order Status                                                                                                                  
  ------------------------ ----- ------------------ ---- ------- ---- ------- ---- ------- ---------- ----------------- ------------ ---------- ------------------ ------------
  Chemotherapy             20    10.0%              3    5.1%    13   11.8%   4    12.9%   0.60       (0.11,3.33)       0.56         1.30       (0.36,4.73)        0.69
  Vasopressors             173   86.5%              50   84.7%   94   85.5%   29   93.5%   0.66       (0.12,3.56)       0.63         0.58       (0.12,2.76)        0.49
  Dialysis                 67    33.5%              7    11.9%   47   42.7%   13   41.9%   **0.22**   **(0.07,0.69)**   **0.01**     1.12       (0.48,2.61)        0.79
  Mechanical Ventilation   163   81.5%              39   66.1%   95   86.4%   29   93.5%   **0.16**   **(0.03,0.8)**    **0.03**     0.53       (0.11,2.52)        0.42
  Feeding Tube             129   64.5%              28   47.5%   77   70.0%   24   77.4%   **0.33**   **(0.11,0.96)**   **0.04**     0.64       (0.24,1.74)        0.38
  Cardiac Resuscitation    65    32.5%              16   27.1%   22   20.0%   27   87.1%   **0.05**   **(0.01,0.2)**    **\<0.01**   **0.04**   **(0.01,0.12)**    **\<0.01**
  Surgery                  27    13.5%              5    8.5%    17   15.5%   5    16.1%   0.51       (0.12,2.14)       0.36         0.96       (0.31,2.97)        0.94
  Withdraw Life Support    52    26.0%              18   30.5%   31   28.2%   3    9.7%    3.18       (0.81,12.58)      0.10         3.98       **(1.09,14.57)**   **0.04**

**Notes:** AOR = Adjusted Odds Ratio; Associations of DNR status with patient symptoms are adjusted for age, gender, Charlson Comorbidity Index, and length of ICU stay.

Adjusted analyses revealed further that patients with early DNR order placement had lower odds than those with no DNR orders of ratings by nurses indicating poor end-of-life outcomes, including not being at peace (AOR = 0.30; \[CI = 0.09--0.94\]), experiencing worst possible death (AOR = 0.31; \[CI = 0.1--0.94\]), suffering (AOR = 0.38; \[CI = 0.14--0.99\]), and experiencing a loss of dignity (AOR = 0.26; \[CI = 0.09--0.7\]). However, no difference was detected for the above terms when comparing late DNR patient group to no DNR group. Adjusted odds ratio comparing early vs no DNR group became insignificant for not being at peace (AOR = 0.41 \[CI = 0.12--1.38) and worst possible death (AOR = 0.32; \[CI = 0.1--1.02\]) when controlling for number of significant invasive procedures, suggesting these procedures accounted for the association between early DNR order placement and those outcomes. (Tables [3](#pone.0227971.t003){ref-type="table"}--[5](#pone.0227971.t005){ref-type="table"}).

10.1371/journal.pone.0227971.t003

###### Patient quality of life, suffering and their associations with patients' DNR order status (adjusted for different variables).

![](pone.0227971.t003){#pone.0227971.t003g}

                                                       DNR Order Status                                                                                                      
  ------------------------ --------- -------- -------- ------------------ --------- -------- -------- -------- ---------- ----------------- ----------- ------ ------------- -------
  Physical Distress        183(53)   28.96%   57(22)   38.60%             98(26)    26.53%   28(5)    17.86%   2.89       (0.96,8.72)       0.060       1.66   (0.57,4.82)   0.351
  Psychological Distress   137(35)   25.55%   41(12)   29.27%             78(17)    21.79%   18(6)    33.33%   0.83       (0.25,2.72)       0.755       0.56   (0.18,1.7)    0.305
  Not at Peace             173(45)   26.01%   48(8)    16.67%             99(26)    26.26%   26(11)   42.31%   **0.27**   **(0.09,0.81)**   **0.019**   0.49   (0.2,1.19)    0.115
  Worst Possible Death     190(67)   35.26%   56(24)   42.86%             104(37)   35.58%   30(6)    20.00%   **0.33**   **(0.12,0.94)**   **0.038**   0.45   (0.17,1.21)   0.113
  Suffering                199(91)   45.73%   58(21)   36.21%             110(51)   46.36%   31(19)   61.29%   **0.36**   **(0.15,0.88)**   **0.025**   0.55   (0.24,1.23)   0.145
  Loss of Dignity          194(81)   41.75%   55(15)   27.27%             108(48)   44.44%   31(18)   58.06%   **0.27**   **(0.11,0.69)**   **0.006**   0.58   (0.26,1.3)    0.183

**Notes:** OR = Odds Ratio; Bivariate associations of DNR status with patient symptoms.

10.1371/journal.pone.0227971.t004

###### Patient quality of life, suffering and their associations with patients' DNR order status (adjusted for different variables).

![](pone.0227971.t004){#pone.0227971.t004g}

                                                       DNR Order Status                                                                                                      
  ------------------------ --------- -------- -------- ------------------ --------- -------- -------- -------- ---------- ----------------- ----------- ------ ------------- -------
  Physical Distress        183(53)   28.96%   57(22)   38.60%             98(26)    26.53%   28(5)    17.86%   2.65       (0.82,8.51)       0.103       1.61   (0.55,4.74)   0.386
  Psychological Distress   137(35)   25.55%   41(12)   29.27%             78(17)    21.79%   18(6)    33.33%   0.79       (0.22,2.89)       0.727       0.51   (0.16,1.62)   0.255
  Not at Peace             173(45)   26.01%   48(8)    16.67%             99(26)    26.26%   26(11)   42.31%   **0.30**   **(0.09,0.94)**   **0.038**   0.47   (0.19,1.2)    0.115
  Worst Possible Death     190(67)   35.26%   56(24)   42.86%             104(37)   35.58%   30(6)    20.00%   **0.31**   **(0.1,0.94)**    **0.039**   0.42   (0.15,1.14)   0.090
  Suffering                199(91)   45.73%   58(21)   36.21%             110(51)   46.36%   31(19)   61.29%   **0.38**   **(0.14,0.99)**   **0.048**   0.55   (0.24,1.28)   0.165
  Loss of Dignity          194(81)   41.75%   55(15)   27.27%             108(48)   44.44%   31(18)   58.06%   **0.26**   **(0.09,0.7)**    **0.008**   0.59   (0.26,1.35)   0.212

**Notes:** AOR = Adjusted Odds Ratio; Associations of DNR status with patient symptoms are adjusted for age, gender, CCI, length of ICU stay.

10.1371/journal.pone.0227971.t005

###### Patient quality of life, suffering and their associations with patients' DNR order status (adjusted for different variables).

![](pone.0227971.t005){#pone.0227971.t005g}

                                                       DNR Order Status                                                                                                      
  ------------------------ --------- -------- -------- ------------------ --------- -------- -------- -------- ---------- ----------------- ----------- ------ ------------- -------
  Physical Distress        183(53)   28.96%   57(22)   38.60%             98(26)    26.53%   28(5)    17.86%   3.26       (0.96,11.1)       0.059       1.78   (0.6,5.32)    0.301
  Psychological Distress   137(35)   25.55%   41(12)   29.27%             78(17)    21.79%   18(6)    33.33%   1.03       (0.26,4.02)       0.964       0.57   (0.18,1.83)   0.345
  Not at Peace             173(45)   26.01%   48(8)    16.67%             99(26)    26.26%   26(11)   42.31%   0.41       (0.12,1.38)       0.150       0.56   (0.22,1.45)   0.234
  Worst Possible Death     190(67)   35.26%   56(24)   42.86%             104(37)   35.58%   30(6)    20.00%   0.32       (0.1,1.02)        0.054       0.42   (0.15,1.17)   0.097
  Suffering                199(91)   45.73%   58(21)   36.21%             110(51)   46.36%   31(19)   61.29%   **0.34**   **(0.12,0.96)**   **0.041**   0.53   (0.23,4.35)   0.142
  Loss of Dignity          194(81)   41.75%   55(15)   27.27%             108(48)   44.44%   31(18)   58.06%   **0.33**   **(0.12,0.94)**   **0.038**   0.66   (0.29,1.54)   0.340

**Notes:** AOR = Adjusted Odds Ratio; Associations of DNR status with patient symptoms are adjusted for age, gender, CCI, length of ICU stay, and number of procedures taken among dialysis, mechanical ventilation, feeding tube, cardiac resuscitation, and withdraw life support.

Discussion {#sec016}
==========

Our results suggest that early DNR order placement (within 48 hours of ICU admission) for patients who die in the ICU is associated with fewer life-sustaining interventions and less nurse-perceived suffering and loss of dignity. Early DNR was also associated with decreased odds of being perceived by nurses as not at peace or having the worst possible death before adjusting for procedures such as dialysis, mechanical ventilation, feeding tube, cardiac resuscitation and withdrawal of life support.

Previous studies have examined the impact of early DNR in ICU patients on cost, procedures and mortality, but this is the first study, to our knowledge, to examine the relationship of DNR timing on patient distress, peacefulness and dignity. Consistent with the published literature on the subject, \[[@pone.0227971.ref011]--[@pone.0227971.ref013]\] most patients in this cohort had a late DNR. As others have published, older patients, those with more comorbidities, and those who were white were more likely to have an early DNR \[[@pone.0227971.ref004], [@pone.0227971.ref028]--[@pone.0227971.ref030]\] Older patients and those with comorbidities may have more opportunity for discussion with their doctors and families about advanced directives and may be more likely to have accepted their own mortality.\[[@pone.0227971.ref031], [@pone.0227971.ref032]\] The racial disparity may be, in part, due to distrust of the health care system among patients who are members of racial or ethnic minority groups \[[@pone.0227971.ref033]--[@pone.0227971.ref035]\] who may perceive DNR orders as denying patients life-saving medical care.

These results highlight the difficulty family surrogates have in making decisions for their loved ones at the end of life while patients themselves are more likely to decide on early DNR. Several studies have shown the psychological stress placed on loved ones making decisions in the ICU, and these stresses persist after the loved one's death. Having conversations about DNR before or early in the ICU stay, when patients are more likely to have the capacity to make their own decisions not only promotes patient autonomy but also a higher probability of receipt of care concordant with their wishes. It may also save the family the additional stress of making these difficult decisions.\[[@pone.0227971.ref036], [@pone.0227971.ref037]\]

Invasive procedures at the end of life have been associated with poor quality of death.\[[@pone.0227971.ref038], [@pone.0227971.ref039]\] Patients who complete advance directives, including DNR orders, are less likely to receive nonbeneficial aggressive care at the end of life\[[@pone.0227971.ref040]\] and more likely to receive care consistent with their preferences.\[[@pone.0227971.ref041]\] Although the DNR order itself does not directly impact care until the moment of cardiac arrest, we found that decedents with early DNR received fewer invasive interventions in the last week of life, including dialysis, mechanical ventilation, feeding tubes, and CPR compared to those with late DNR and no DNR. These associations may be explained by early conversations about goals of care including invasive procedures, such as dialysis, in addition to DNR orders. Along similar lines, early DNR orders may have been placed along with orders for comfort-focused care, which generally does not include invasive procedures. Understanding the nature and breadth of the conversations which led to the DNR orders is beyond the scope of this study.

All interviewed nurses were blinded on the topic of possible analysis between the timing of DNR and quality of death, and compared to patients with no DNR order, those patients with early DNR orders had significantly lower odds of being not at peace, having the worst possible death, suffering or loss of dignity even after adjusting for confounders including age, gender, CCI and length of ICU stay. Further adjustment for invasive procedures explained away the association between early DNR and peacefulness and having the worst possible death. This suggests that invasive procedures may be the mechanism by which prolonging the dying process is associated with less peacefulness and the worst possible death. Alternatively, nurses may be more comfortable giving opioids for pain or providing anxiolysis with a DNR order in place, therefore an early DNR order may allow for improved symptom management at the end of life.

This is the first study, to our knowledge, to investigate the relationship between DNR timing and ICU patients' physical and psychological suffering, though the results must be examined in light of its strengths and weaknesses. Strengths include the multi-centered sampling and high rate of nurse participation, which increases the study's generalizability and limits selection bias, respectively. Weaknesses include retrospective evaluation of nurses' assessments of patient experience in the last week of life. Because this study interviewed nurses in the weeks after a patient for whom they cared had died in the ICU, recall bias may have affected nurses' ability to rate patient symptoms and suffering. Still, we have no reason to believe that recall bias would influence nurse perception of suffering as it relates to the decedents' DNR status. Another limitation of this study is the nurse-assessment of patient symptoms. While patients' own reporting of their symptoms would be preferable to nurse report, this approach was not feasible due to the observation that a majority of dying patients in the ICU are unable to communicate.\[[@pone.0227971.ref014]\] Further, earlier studies have demonstrated that nurses provide accurate assessments of patients' symptoms and in-hospital outcomes at the end of life, especially compared to caregivers and physicians.\[[@pone.0227971.ref014], [@pone.0227971.ref019]--[@pone.0227971.ref023], [@pone.0227971.ref042]\] As noted above, this study included a sample of decedents in the ICU, but we recognize that in clinical practice it may be difficulty to know precisely when patients will die. In patients with end-stage disease (e.g., advanced cancer) who have a high predicted mortality, our results suggest that an early approach to conversations about DNR status may reduce avoidable suffering.

In conclusion, early DNR, within the first 48 hours of ICU admission, for patients who die in the ICU is associated with fewer nonbeneficial procedures and lower odds of nurse-perceived loss of dignity, being not at peace, suffering and having had the worst possible death. The timing, not just the presence, of DNR orders may play an important role in patients' quality of death in the ICU.

Supporting information {#sec017}
======================

###### DNR data.csv.

(CSV)

###### 

Click here for additional data file.

###### Quality of Life in the last week of life in the ICU \_ REDCap.

(PDF)

###### 

Click here for additional data file.

10.1371/journal.pone.0227971.r001

Decision Letter 0

Kamolz

Lars-Peter

Academic Editor

© 2020 Lars-Peter Kamolz

2020

Lars-Peter Kamolz

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

29 Aug 2019

PONE-D-19-19046

Timing is Everything: Early DNR in the ICU and Patient Outcomes

PLOS ONE

Dear Dr. Ouyang,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Oct 13 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

Additional Editor Comments (if provided):

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Dear authors,

thank you for the opportunity to review the manuscript \"Timing is Everything: Early DNR in the ICU and Patient Outcomes\". Firstly, I would like to congratulate you for having drafted that very relevant and interesting research, this is, in principle, a well-structured / logically structured study on the basis of an acceptable data pool. However, prior a possible publication, I would like to share my thoughts on the manuscript:

1\) Please try and design the abstract with a little bit of background information. Consider dividing the abstract in sections (introduction, methods etc.) for a more legible way.

2\) You state that nurses, who cared for the decedents for at least a 12-hour shift in their last week of life, were identified for assessments. However, you do not specify, on which day or how many days prior to the patients death they had their last shift. In my opinion, this is a very important factor, because well-beeing from terminally ill patients can change within a short time and may therefore lead to bias in nurses\' assessments. Further, you state that nurses were selected based on their presence at patients\' death but it is not clear, if that was definitely an inclusion criteria.

3\) In Table 1 you also report \"Religion\" and \"DNR by\" information. However, these data were not discussed or mentioned.There is a clear difference between early DNR and late DNR at the \"spouse\" section and a significant higher percentage of \"DNR by patient\" in the early DNR group. Please discuss the impact of patients\' whishes on the timing of DNR placement.

4\) You do not specify the nurses\' work experience. Assessment of quality of death may therefore be biased due to their individual attitude and experience with terminally ill patients.

Thank you

Reviewer \#2: Dear Authors,

Thank you for the opportunity to review the manuscript, "Timing is Everything: Early DNR in the ICU and Patient Outcomes."

A few remarks:

PlosOne's required citation style is to be used correctly.

Please avoid abbreviations in the title.

Possibly, the readability of the article would benefit from a "structured" abstract.

More recent publications on the topic (if possible) would be desirable.

Please describe the Measures (p. 5, literature source 12) in detail.

The interview guide is missing (structured interview? Questionnaire?\...)

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0227971.r002

Author response to Decision Letter 0

29 Sep 2019

Please see attach rebuttal letter.

###### 

Submitted filename: DNR.rebuttal.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0227971.r003

Decision Letter 1

Kamolz

Lars-Peter

Academic Editor

© 2020 Lars-Peter Kamolz

2020

Lars-Peter Kamolz

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

25 Oct 2019

PONE-D-19-19046R1

Timing is Everything: Early Do-Not-Resuscitate Orders in the Intensive Care Unit and Patient Outcomes

PLOS ONE

Dear Dr. Ouyang,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Dec 09 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Dear Authors,

thank you for your thorough revision. However, I noticed some more aspects that could again improve the manuscript:

1\) Please use new abbrevations consistently and give the written description before using the abbreviations only: end of life vs. EoL vs. EOL.

Within the abtract, AOR is just used as an Abbreviation without explanation.

2)In Table 3a,b and c you marked \"worst possible death\" with a star, but the explanation under the table is missing.

Other than that, I feel your manuscript has already improved a lot and I am very satisfied with the already performed revision.

Thank you.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0227971.r004

Author response to Decision Letter 1

16 Dec 2019

Please see attached updated response to reviewers

###### 

Submitted filename: rebuttal letter.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0227971.r005

Decision Letter 2

Kamolz

Lars-Peter

Academic Editor

© 2020 Lars-Peter Kamolz

2020

Lars-Peter Kamolz

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

6 Jan 2020

Timing is Everything: Early Do-Not-Resuscitate Orders in the Intensive Care Unit and Patient Outcomes

PONE-D-19-19046R2

Dear Dr. Ouyang,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Dear authors,

Thank you for your revised manuscript in which you adressed every comment. In my opinion, you\'ve drafted a very relevant research topic.

Thank you

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

10.1371/journal.pone.0227971.r006

Acceptance letter

Kamolz

Lars-Peter

Academic Editor

© 2020 Lars-Peter Kamolz

2020

Lars-Peter Kamolz

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

31 Jan 2020

PONE-D-19-19046R2

Timing is Everything: Early Do-Not-Resuscitate Orders in the Intensive Care Unit and Patient Outcomes

Dear Dr. Ouyang:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Lars-Peter Kamolz

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: ‡ These authors are co-first authors on this work.
